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 (IIHFWRISDUDPHWHUVRQSRFNHWVGHSWKDQG 055
,Q WKLV VHFWLRQHIIHFWRISURFHVVSDUDPHWHUVRQGHSWKRISRFNHWDQG055 LVGLVFXVVHGEDVHGRQ WKH UHVSRQVHV
REVHUYHGE\H[SHULPHQWDWLRQ DQGFKDUDFWHUL]DWLRQRI WKH VDPSOHV9ROXPHWULF055ZHUHSORWWHGDJDLQVWSUHVVXUH
DQGVWDQGRIIGLVWDQFHZLWKWZRDEUDVLYHVL]HVDQG,WLVYHU\REVHUYHGWKDWDVWKHSUHVVXUHLQFUHDVHVWKH
GHSWKRIWKHSRFNHWLQFUHDVHVGXHWRKLJKNLQHWLFHQHUJ\RIWKHMHW'HSWKRIWKHSRFNHWLVDOVRVOLJKWO\DIIHFWHGE\WKH
VWDQGRIIGLVWDQFH62'EXWQRSURPLQHQWHIIHFW ZDVREVHUYHGLQSUHVHQWUDQJHRI62'WRPP,WZDVDOVR
IRXQGWKDWDVWKHVL]HRIWKHDEUDVLYHSDUWLFOHVLQFUHDVHVWKHGHSWKDFKLHYHGZDVPRUHEHFDXVHRIWKHKLJKHUHQHUJ\
RILPSDFW'HSWKRISRFNHWDQGYROXPHWULF055IROORZVDPHWUHQGEHFDXVHDUHD RISRFNHWZDVNHSWFRQVWDQW[
PP
)LJDDQG)LJEVKRZWKHHIIHFWRISUHVVXUHRQYROXPHWULF055IRUWZRJULWVL]HVLWFDQEHVHHQWKDW055
IRUERWKDEUDVLYHJULWVL]HVLVKLJKDWODUJHUSUHVVXUHDQGGHFHDVHVZLWKGHFUHDVHLQSUHVVXUH7KHPD[LPXP055LV
PPVHFZLWKJULWVL]HRIDQGDSSUR[LPDWHO\PPVHFZLWKJULWVL]H
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)LJD(IIHFWRISDUDPHWHUVRQYROXPHWULF055IRUDEUDVLYH

)LJE(IIHFWRISDUDPHWHUVRQYROXPHWULF055IRUDEUDVLYH

 6XUIDFHFKDUDFWHUL]DWLRQDQGPDWHULDOUHPRYDOLQSRFNHWPDFKLQLQJE\$:-0
3UHVHQWZRUNGHDOVZLWKPDFKLQLQJRIEOLQGSRFNHWVZKHUHMHWUHVWULFWVWRIORZRXWIURPWKHZRUNSLHFHVXUIDFH,W
ZDVIRXQGWKDWSRFNHWVXUIDFHVZHUHQRWYHU\XQLIRUP7KLVFDQ EHH[SODLQHGE\WKHIDFWWKDWHURVLRQPLJKWKDYH
FDXVHGE\QXPEHURIQRQLGHQWLFDODEUDVLYHSDUWLFOHZKLFKFDXVHVXQEDODQFHGHURVLRQ ,QSUHVHQWZRUNPDFKLQHG
VXUIDFHZDVVFDQQHGWKURXJKGRSWLFDOSURILORPHWHUDVGLVFXVVHGLQVHFWLRQ,WFDQEHVHHQ LQWKH)LJXUHFWKDW
FUDWHURIKHPLVSKHULFDOVKDSHZDVIRXQGRQPDFKLQHGVXUIDFH7KHZDYLQHVVRQPDFKLQHGVXUIDFHZDVREVHUYHG,W
ZDV IRXQG WKDW DW WKH FRUQHU RI WKH SRFNHW VLGH ZDOO WKH HIIHFW ZDV PRUH SURPLQHQW LH KLJK ZDYLQHVV ZDV
REVHUYHG DVFRPSDUHGWRRWKHUVXUIDFHRIWKHSRFNHWV)LJDE7KLVPLJKWKDYHFDXVHGRIVWUHVVFRQFHQWUDWLRQ
DW WKH FRUQHUV ZHUH PRUH DV FRPSDUH WR UHVW SRUWLRQ RI SRFNHW ZKLFK FDXVHV WKH FKDQJH RI GHIRUPDWLRQ DW WKH
FRUQHUV
,QRUGHU WRXQGHUVWDQG WKH FUDWHUVSKHULFLW\VXIILFLHQWDWWHPSWHGKDYHEHHQPDGHXVLQJQXPHULFDOPHWKRGV 0
7DNDIIROLDQG6KXNOD0VWXGLHGWKHSDUWLFOHLPSDFW)(0VLPXODWLRQ+HDOVRREVHUYHGWKDWDW
GHJUHH WKH VSKHULFLW\ HYDOXDWHG DW WRS VXUIDFH UHPDLQV FORVHU WR RQH LUUHVSHFWLYH RI SDUWLFOH YHORFLW\ 6LPLODU
REVHUYDWLRQ)LJFZDVIRXQGH[SHULPHQWDOO\LQWKHSUHVHQWZRUN
)LJ6FDQQHG6XUIDFHGLPDJHVRISRFNHWVDWDPLGVXUIDFHE&RUQHUDQGF&UDWHUIRUPHGDWPDFKLQHGVXUIDFH
6(0 LPDJHV VWXG\ IRFXVHV RQ PLFURLQYHVWLJDWLRQ RI WKH PDFKLQHG VXUIDFH HURVLRQ DW GLIIHUHQW RSHUDWLQJ
FRQGLWLRQV+LJKHUPDJQLILFDWLRQV6(0PLFURJUDSKVZHUHWDNHQIRUGHSWKDQDO\VLVRIHURVLRQSKHQRPHQD,WFDQEH
VHHQIURPWKH)LJDQG)LJ WKDW WKHHURVLRQPDJQLWXGH LQFUHDVHVDVZHOODVVXUIDFHPRUSKRORJ\FKDQJHVZLWK
LQFUHDVH LQSUHVVXUHEHFDXVH FKDQJHRU LQFUHDVH LQSUHVVXUHFDXVHV WKHFKDQJH LQ VXUIDFHPRUSKRORJ\ LQ WHUPVRI
OHYHORIJULWHPEHGPHQW)URP)LJLWZDVREVHUYHGWKDWDWORZHUDEUDVLYHVL]HVXUIDFHILQLVKZDVTXLWHJRRGDV
1590   Vijay Kumar Pal and S.K. Choudhury /  Procedia Materials Science  5 ( 2014 )  1584 – 1592 
FRPSDUHGWRODUJHUJULW 7KLVFDQEHH[SODLQHGE\WKHIDFW WKDWVPDOOHUSDUWLFOHJHQHUDWLQJVPDOOHULUUHJXODULWLHVRQ
WKHPDFKLQHGVXUIDFHV
&ŝŐ͘ϳ͘^DŝŵĂŐĞƐŽĨƉŽĐŬĞƚƐƐƵƌĨĂĐĞĂƚůŽǁƉƌĞƐƐƵƌĞ;ϭϱ <ƉƐŝͿ͕ƐŵĂůů^K;ϮŵŵͿŽĨϴϬηŐĂƌŶĞƚ
&ŝŐ͘ϴ͘^DŝŵĂŐĞƐŽĨƉŽĐŬĞƚƐƐƵƌĨĂĐĞĂƚŚŝŐŚƉƌĞƐƐƵƌĞ;ϯϱ<ƉƐŝͿ͕ůĂƌŐĞ^K;ϰŵŵͿŽĨϴϬηŐĂƌŶĞƚ
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&ŝŐ͘ϵ͘^DŝŵĂŐĞƐŽĨƉŽĐŬĞƚƐƐƵƌĨĂĐĞĂƚůŽǁƉƌĞƐƐƵƌĞ;ϭϱ<ƉƐŝͿ͕ůĂƌŐĞ^K;ϰŵŵͿŽĨϭϮϬηŐĂƌŶĞƚ
 &RQFOXVLRQV
,QWKLVSDSHUVXUIDFHPRUSKRORJ\RIEOLQGSRFNHWPDFKLQLQJE\$:-0SURFHVVZDVDOVRVWXGLHG,QEOLQGSRFNHW
PDFKLQLQJSRFNHWVZHUHIDEULFDWHGE\FRQWUROOLQJSDUDPHWHUVRIWKHSURFHVV)URPWKH'VFDQQHGVXUIDFHVKLJK
ZDYLQHVVDQGURXJKQHVV ZDVREVHUYHGRQPDFKLQHVXUIDFH%DVHGRQWKHH[SHULPHQWVDQGPLFURVFRSLFLQYHVWLJDWLRQ
IROORZLQJFRQFOXVLRQVDUHGUDZQ
x +LJKZDYLQHVVZDVIRXQGDWFRUQHUVRIWKHSRFNHWVVLGHZDOOEHFDXVHILUVWSDVVRIUDVWHUSDWKRYHUODSV
RQO\ZLWKRQHVLGHRIDQRWKHUSDWKFRQVHFXWLYHSDWKZKLFKFUHDWHVPRUHZDYLQHVVRQWKHVXUIDFH
x 7KHGHSWKDQG055ZDVPRUHDWKLJKHUSUHVVXUHEHFDXVHRIKLJKNLQHWLFHQHUJ\RIMHW
x 5RXJKVXUIDFHVZHUHIRXQGRQSRFNHWVEHFDXVHRIQRQLGHQWLFDODEUDVLYHSDUWLFOHVSOD\VUROHRQPDWHULDO
UHPRYDO /RZZDYLQHVV ZDV IRXQG DW UHVW RI WKH VXUIDFHV RI SRFNHWV WKDQ FRUQHU VXUIDFHV EHFDXVH DW
FRUQHUVVWUHVVFRQFHQWUDWLRQZDVPRUHDVFRPSDUHWRUHVWDUHDRIPDFKLQHGSRFNHWV
x 6(0LPDJHVVKRZVWKDWVXUIDFHPRUSKRORJ\RIWKHPDFKLQHGVXUIDFHFKDQJHVDWGLIIHUHQWSUHVVXUH
x &UDWHUVSKHULFLW\ZDVIRXQGWRFORVHUWREHFDXVHRI LPSDFWRIMHW
x 6PDOO DEUDVLYH VL]H JLYHV TXLWH JRRG VXUIDFH DV FRPSDUHG WR ODUJHU JULW EHFDXVH VPDOOHU SDUWLFOH
JHQHUDWLQJVPDOOHULUUHJXODULWLHVRQWKHPDFKLQHGVXUIDFHV
5HIHUHQFHV
$EHOH( )URKOLFK%+LJKVSHHGPLOOLQJRIWLWDQLXPDOOR\V $GYDQFHPHQWLQ SURGXFWLRQHQHUJ\DQGPDQDJHPHQW
)LQQLH,(URVLRQRIVXUIDFHVE\VROLGSDUWLFOHV:HDU
)RZOHU*6KLSZD\3+3DVKE\,5$WHFKQLFDOQRWHRQJULWHPEHGPHQWIROORZLQJDEUDVLYHZDWHUMHWPLOOLQJRIWLWDQLXPDOOR\-RXUQDO
RI 0DWHULDO 3URFHVVLQJ 7HFKQRORJ\ 
+DVKLVK0&RQWUROOHGGHSWK0LOOLQJ7HFKQLTXHV8VLQJ$EUDVLYH:DWHUMHWV,Q$OOHQ1*HG-HW&XWWLQJ7HFKQRORJ\0HFKQLFDO
(QJLQHHULQJ3XEOLFDWLRQ/WG/RQGRQ
+XWFKLQJV,0 $UWLFOHHURVLRQRIGXFWLOHPHWDOVDPHFKDQLVPRIPDWHULDOUHPRYDO:HDU  
.DJD\D . 2LVKL < . <DGD  0LFURHOHFWUR GLVFKDUJH PDFKLQLQJ XVLQJ ZDWHU DV ZRUNLQJ IOXLG PLFURKROH GULOOLQJ 3UHFLVLRQ
HQJLQHHULQJ
.1DUHVK60XNXO  )LQLWHHOHPHQWDQDO\VLVRIPXOWLSDUWLFOHLPSDFWRQHURVLRQLQDEUDVLYHZDWHUMHWPDFKLQLQJRIWLWDQLXPDOOR\-RXUQDO
RIFRPSXWDWLRQDODQGDSSOLHGPDWKHPDWLFV  
/DXULQDW$/RXLV+0HLHU:LHFKHUW*$0RGHOIRU0LOOLQJZLWK$EUDVLYH:DWHU-HW,Q+DVKLVK0HG3URFHHGLQJVRIWKHWK
$PHULFDQ:DWHU-HW:DWHUMHW$VVRFLDWLRQ6W/XLV
0RPEHU$: (XVFK,.RYDFHYLF50DFKLQLQJUHIUDFWRU\FHUDPLFVZLWKDEUDVLYHZDWHUMHW-RXUQDO RI0DWHULDO 6FLHQFH

0DVX]DZD7)XMLQR0.RED\DVKL.6X]XNL7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

1592   Vijay Kumar Pal and S.K. Choudhury /  Procedia Materials Science  5 ( 2014 )  1584 – 1592 
0DVX]DZD7<DPDPRWD0)XMLQR0$PLFURSXQFKLQJV\VWHPXVLQJZLUH('03URFHHGLQJVRI WKH LQWHUQDWLRQDO V\PSRVLXP IRU
HOHFWURPDFKLQLQJ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